Bradley E. Miller, East Chapel Hill High School, Chapel Hill, NC 27514; bmiller@chccs.k12.nc.us W hile demonstrating a classic conservation-of-energy problem 1,2 to my AP Physics students, I became curious about the periodic motion that ensued for certain initial conditions. The original problem deals with a pendulum of length L, released from rest with an amplitude of 90º. The string comes into contact with a fixed peg that is located a distance L 1 below the point to which the string is attached. One is asked to find the minimum value of L 1 for which the mass will move in a complete circle about the peg. However, when the mass is released from much lower heights, the system undergoes periodic motion that can be thought of as an interrupted pendulum.
As shown in Fig. 1 , the motion can be broken into two parts: that before the string contacts the peg and that after it makes contact. Its motion on the right half of the diagram is that of a pendulum with length L 1 + L 2 and period T 1 ; its motion on the left side acts as a pendulum with length L 2 and period T 2 . For small angles from the vertical, these periods are given by the familiar equation for a simple pendulum,
During a full period T, the pendulum spends half of its motion on the right side of the peg and half its motion on the left side. The total period will be given by
Because half of the pendulum's motion is for a string length that is less than the full length, the period must be less than T 1 . A dimensionless ratio showing this relationship is
Experiment
A pendulum consisting of an aluminum ball (2.54-cm diameter) suspended at the end of a 49.9 Ϯ 0.1 cm string is supported on a laboratory ring stand. A steel peg of 3.19 Ϯ 0.01 mm diameter is placed directly below the support at various distances. The ball is released from a constant height 1.6 Ϯ 0.1 cm above the lowest point in the pendulum's swing. We use a photogate timer (PASCO, ME-9215A) to measure the period of a single oscillation. Using Ref. 3 we calculated the local value of the acceleration due to gravity as 9.798 m/s 2 . 
Period of an Interrupted Pendulum Results
The measured values are plotted in Fig. 2 along with the theoretical relationship given by Eq. (3). In the extreme case when L 2 approaches the full length of the string, we see that the solution tends to the full period of a simple pendulum and the ratio T/T 1 approaches unity. In the other extreme, as L 2 becomes very small and the ratio L 2 /(L 1 + L 2 ) approaches zero, the period becomes one-half of the period of the simple pendulum. The mass acts as if it hit a wall, recoiling elastically and returning to its initial point of release. In conducting the experiment with small values of L 2 , the mass is seen to whip into the peg and quickly return, spending very little time on the left side of its travel (see Fig. 1 ).
When the peg is placed close to the original axis of rotation (i.e., L 2 is large), the maximum angular displacement is still relatively small and the small-angle approximations are appropriate. For lower placements of the peg, the ball is seen to swing through large angles. For our release height of 1.6 cm above the lowest point in the swing, the angle can be as large as 47Њ when L 2 is 5.0 cm. In these cases the equations governing large-angle oscillations of a simple pendulum are more appropriate. 4 Figure 3 displays the results and compares the periods derived for a single term (simple harmonic motion) and a four-term expansion for large-angle oscillations.
The data fit closely to theory in nearly every instance. The greatest deviation occurs for the shortest length, L 2 = 5.0 cm. At this length uncertainty in the distance from the ball's center of mass to the actual point on the peg where the string makes contact becomes significant.
In addition, the diameter of the mass becomes comparable to the radius of rotation. Therefore, it is less valid to treat this as a point mass. This increase in the system's moment of inertia will cause a commensurate increase in the period.
Conclusion
The seemingly complicated motion of a pendulum interrupted in its swing has been shown to be solvable as a combined motion of two pendula of different lengths. 
